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Introduction

30
For the sizing of Renewable Energy Systems (RES) configurations it is necessary to provide 31 as input the values of the daily global solar radiation H(n,φ) kWh/m 2 /day on the horizontal in 32 any place with latitude φ, for any day n, while in more detailed dynamic simulation models and τ a are the Rayleigh, ozone, gas, water and aerosols scattering transmittances,
53
(dimensionless), respectively.
54
A second group comprises of empirical models which provide the daily global solar radiation 55 based on the Angström-Prescott model [11] [12] [13] and use various regression based expressions 56 outlined in [14, 15] . The parametric values of those expressions are generally valid for the 57 geographical sites or regions they have been determined for. Values for these parameters 58 applicable at any site have been proposed in [12] . The variable in these models is the ratio of 59 the actual sunshine hours, S, over the maximum possible sunshine hours, S o , in a day n in the 60 site of concern. A third group of empirical solar radiation models correlate further H(n) with 61 the T min and T max air temperature, the relative humidity, RH, and other meteorological where H ext (n) is the daily solar radiation at a site at the top of the earth's atmosphere.
66
More elaborated models proposed and applied in several projects are the ones in a fourth 
The Generic Universal Model
103
The proposed generic model predicts H(n,φ) for any day n and site with latitude φ, and takes 104 also into consideration the site altitude and the atmospheric height. A double harmonic
105
analysis was applied to solar radiation data obtained from GEBA database from a grid of 53 106 stations around the earth with altitude less than 500m. This process resulted in a set of 107 harmonic spatiotemporal terms whose coefficients are functions of the site latitude.
108
The model proposed to predict H(n,φ) is expressed through a Fourier series of compact form 109 and is presented in eq.(7).
110
( , ) = ( ) + 1 ( ) ( 1 ( ) above. The monthly averages were mapped to the representative day of each month.
128
The proposed model based on the compact Fourier series of eq. (7) where, λ is an integer.
142
In a second stage a Fourier analysis was performed on the model coefficients A, B 1 , B 2 , and 143 their associated parameters C 1 ,C 2 as described in Section 3. This resulted in a self-consistent 144 prediction model for H(n,φ). The zero frequency model coefficient A(φ) in eq. (7) is presented in Fig. 2 and exhibits Fourier series of up to 3rd order harmonics whose coefficients are given in Table 1 . Table 1 . The nonlinear regression analysis of the measured H(n) data for the 53 sites showed l 1 (φ) and tends to zero and B 1 (φ) prevails with l 1 (φ) equal to 1.
240
In regions with latitudes -0.5rad ≤φ≤ 0.5rad, the amplitudes B 1 (φ) and B 2 (φ) are comparable 241 with a contribution from both cosines of eq. (7) where one of the l 1 (φ) or l 2 (φ) is 1 and the 242 other 2 as shown in Fig.5 . This is reflected in the two peaks of the H(n,φ) profile whose time 243 distance depends on the phase shift C 1 (φ) and C 2 (φ), as shown in Section 4. 
where h atm is the height of the atmospheric layer for a site, φ. In this paper h atm is taken to be 284 that of the Tropopause, which includes more than 80% of the air mass. To estimate the agree with the profiles in [40] [41] [42] [43] . This is shown in Fig.7 .
298
(12) h ( ) = 0 + ∑ 4 = 1 ( cos ( 0 ) + sin ( 0 )) 299 where φ is given in radians and the fundamental frequency ω 0 =2 due to the period in φ equal 300 to π. The Fourier coefficients α i , b i and the zero frequency component α 0 are shown in Table   301 2. For more accurate predictions it is important to introduce to the model the seasonal 302 variations to h atm (φ) which depend on the latitude and the month. 
Results and Model Validation
312
The proposed spatiotemporal model, as expressed by eqs. considerably high compared to the other sites of the same latitude, as presented in Table 4 .
368
The reason of the high deviation between predicted and measured is attributed mainly to the 369 high anthropogenic pollution which prevails in that region rather than to the climatic 370 conditions. The other databases, and particularly SoDa and PVGIS show also substantial 371 deviations providing higher values compared to GEBA as shown in Fig.9(b) . from GEBA database for the 28 validation sites is shown in Fig.10 along with the dichotomy. The latitude in the Northern Hemisphere is taken positive and in the Southern Hemisphere negative. The longitude towards East from Greenwich is taken positive and towards West negative. a indicates the corrected to height solar radiation H(n,φ,h s ) for the marked sites with significant altitude (Fig.6(b) ). Obviously, due to the Earth's orbit, an absolute symmetry between N. and S. 
